Measuring the income inequality is a major concern of the economists. Therefore, numerous indices have been devised to show dierent features of the income inequality. In general, the simple random sampling procedure is commonly utilized to estimate the inequality measures, while the ranked set sampling is a more cost saving method which increases the precision and the eciency of the inequality estimators. In this paper the advantages of the ranked set sampling when measuring the amount of the income inequality are examined. Through using Monte Carlo simulation technique, this paper proves that the ranked set sampling, increases the precision of inequality indices estimations. In the end, a real income data set is analyzed to illustrate the obtained results.
Introduction
Poverty is the product of high levels of income inequality in societies. Moreover, higher levels of income inequality contributes to lower levels of growth. For these reasons, economists have proposed numerous indices to measure the amount of the income inequality in societies. One major sampling scheme for estimating those indices is the simple random sampling (SRS). The main reason for the popularity of this sampling method in economics is simple calculation of inequality indices. However, using this method is not always feasible or appropriate. As a two-phase sampling procedure, the ranked set sampling (RSS) (See [4] ) can be used to achieve a balance between cost and eciency when estimating the amount of the income inequality with respect to SRS. There have been many studies which compared RSS with other sampling methods. RSS is a more ecient sampling method than SRS for estimating the populations' mean and variance (See [8, 13, 14, 16, 17] ). Comparing RSS with other two-phase sampling methods shows that unlike them, RSS does not require any particular distributional assumptions. Therefore, when restrictive assumptions are not satised using RSS is vindicable; otherwise RSS usually provides less ecient estimators. (See [5, 6] ). The concept of RSS is nonparametric, but it has been utilized in parametric cases, too. (See [10, 15] ).
Al-Talib and Al-Nasser (2008) introduced a RSS estimator for Gini index based on the Lorenz curve and compared it with SRS only for a specic nonstandard Lorenz curve. Bansal et al. (2013) introduced RSS estimators for Bonferroni index and absolute Lorenz index based on the Benferroni curve and absolute Lorenz curve, respectively and compared their RSS estimations with their SRS estimations when the distribution of the data is known. They considered exponential, Pareto and power distributions to obtain the presented estimators which have close forms of Lorenz curve, Bonferroni curve and absolute Lorenz curve; while in practice, the income distribution is not always known and these curves are not always available in close forms for any income distribution. The four-parameter generalized beta distribution of the rst kind (GB1) and the generalized beta distribution of the second kind (GB2) and the three-parameter generalized gamma distribution (GG) are the most popular income models which are tted to income data of many countries in recent years (See [2] ). Furthermore, these distributions include the other income distributions as special cases (Figure 1 ), but their Lorenz curves, Benferroni curves and absolute Lorenz curves are not available in close forms (See [2] ). The Gini index is the most commonly used measure of inequality but it has some limitations. Beside Gini index, among the various inequality measures in economics, Theil index (See [3] ) is more prominent and practical than the others. In this paper, in addition to the Gini index, Theil index and mean log deviation (MLD) (See [3] ) index, which are based on entropy concept are chosen. The Atkinson index is also chosen (See [1] ) as a weighted inequality measure with the inequality aversion parameter. The Gini index, MLD index and Theil index are respectively as:
where µ = E(X). The Atkinson family, is dened as below
where ε controls the inequality aversion. Whenε tends to 1, the Atkinson index is obtained as
In economics, the nonparametric estimators of the mentioned indices are usually used to measure the income inequality. In this paper, the eciency of the estimators of these indices based on SRS and RSS is compared using the Monte Carlo simulation technique in nonparametric setting. The organization of this article is as follows: in section two, rst the estimators of Gini index, Theil index, MLD index and Atkinson index are presented for both the SRS and RSS. Afterwards, the mentioned indices are expressed in terms of the distributional parameters of GB1, GB2 and GG. The third section is dedicated to the simulation study. In the last section, a real data set, consisting of 7200 real gross domestic product (GDP) per capita of 172 countries in 1970-2012 is analyzed.
Estimations of the Inequality Indices
In this section, rst the SRS and RSS estimators of the mentioned inequality indices are obtained. Then, the mentioned inequality indices are expressed in terms of the distributional parameters of GB1, GB2 and GG to derive the mean square error (MSE) of their estimators in the simulation study.
Suppose that XSRS = (X1, ..., Xn)is a simple random sample of size n. To obtain a ranked set sample of size n = rm, the m number of simple random samples of size m should be chosen and ordered. Then the smallest observation from the rst sample and the second smallest observation from the second sample are selected and so on. The vector of observations XRSS = (X1,1, ..., Xm,m) is a one-cycle RSS of size m. Note thatXi,i's are not necessarily ordered. By repeating this procedure r times, XRSS = {X (i)j , i = 1, ..., m, j = 1, ..., r}, where X (i)j denotes the ith order statistics in jth cycle . The estimators of indices (1.1)-(1.5) based on SRS and RSS are summarized in Table  1 . This observational process can be described as follows: (2008) have obtained the Gini index and the Theil index forGB1, GB2 and GGdistributions. In the following, the MLD and the Atkinson indices are obtained for these specic distributions.
McDonald and Ransom
The cumulative distribution function (cdf) of GB1(a, b, p, q) is:
,
respectively, where
.
respectively. The cumulative distribution function of GG(a, b, p) is:
dt. Its (1.3)-(1.5) indices are derived as follows:
According to the Figure 1 , these indices can be found for other distributions related to the GB1,GB2 and GG. Figure 1 . Some related distributions of GB1 and GB2
Simulation Study
In this section, the performance of the estimators of the Gini, Theil, MLD and Atkinson indices based on SRS and RSS procedures is compared. The inverse cdf simulation technique is used in order to generate data from GB1, GB2 and GG distributions. Simple random samples of sizes 10, 30, 45, 60, 80, 100 and ranked set samples with (m, r) = (2, 5), (3, 10) , (3, 15) , (4, 15) , (4, 20) , (5, 20) are considered, where m is the set size and r is the number of cycles. In this paper, since perfect ranking is considered, m is chosen up to 5 to reduce the ranking error. To analyze the sensitivity of the results, the simulation is performed for the mentioned distributions with some dierent selections of the parameters. The MSE and the bias of estimators in Section 2 were computed for both of the sampling procedures, using the Monte Carlo method with 10000 replications.
The relative eciency (RE) is calculated for all the estimators as follows
The results are presented in the Figures 2-4 . The bias of estimators are summarized in Table 1 -12 in the Appendix. It can be seen that RSS estimations perform better than the SRS estimations in all cases. The results are independent from both the type of distribution and values of parameters. Also, it is observed that RE decreases as n increases which means for a large sample size, the RSS estimators are much better than their counterparts in the SRS scheme. 
Real Data
To illustrate the results obtained in the previous sections, a real data set consisting of 7200 GDP (million dollars) per capita of 172 countries in 1970-2012 has been considered (the data were extracted from http://www.unctadstat.unctad.org). The maximum likelihood estimations of the parameters, the P-value of the Kolmogorov-Smirnov (KS) test and the Akaike information criterion (AIC) for each distribution are calculated and their results are summarized in Table 2 . It is concluded that all the distributions can be tted on the data; but according to the AIC, GB2 provides the best t to the data. Simple random samples of sizes 3600, 2400, 1800, 1440 and ranked set samples with (m, r) = (2, 1800), (3, 800), (4, 450), (5, 288) are chosen from the data set. The estimation of Gini, Theil, MLD and Atkinson indices based on RSS and SRS are summarized in Table 4 . Comparing the results in Table 4 with the values of indices from Table 3 , which are estimated based on GB2 distribution, shows that the inequality indices' estimations based on the RSS are slightly closer to the GB2 than their counterparts. Comparing the RSS to SRS, in terms of both dierent sample sizes and various underlyingþ income distributions indicates that the ranked set estimations of income inequality indices outperforms the traditional simple random estimations of them. In addition, as sample size increases, RSS estimators become more ecient than SRS estimators. 8e-05 -2.5e-05 -3.1e-05 0.00024 -3.1e-05 -1.9e-05 -1.6e-05 -2.2e-05 0.00025 -2.1e-05  3 10 -9.3e-06 -1.0e-05 -1.2e-05 0.00028 -1.4e-05 -3.6e-06 -4.3e-06 -6.3e-06 
